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AERONAUTIC SYMBOLS

L FUNDAMENTAL AND DERIVED €018

Maotrin . ‘ Vrgilah
Hymbol T ;‘M e T vt T
T : Abbroyia- . Attiyevia-
Vuit 1,1101: Lnit u":;: ,
Tengi. .. .. 1 moler ... .......,....]. m foob formile), ... ... ft. {ur ml)
s, ... i BOOONY . L. e » nwecond (orhour).......| w0, (or he,) ’
Yorew ...o....| . ¥ welght of 1 kilogram. .. ., kg weight of Lpound. _...| Ibh. !
'S ‘.‘ . -T.“ S B ) - -~ N I e R R R PPN et me e  arermm Aee e i < | B A et "
Power. ... I hoteepower (matrin) ... o .. .. | honepower (Lol Lo hp.
‘. ’ [kllometom par hour.._, . .|  k.p.h, milea per howr, ... ... mph
5wod e ¥ ] p
) bt L tntoare per pecond . oL . .., feet persesond... . ... fpa
2. GENERAL 8YMBOLY - .
, s
Weight =mg ) ) v, Kinnmatio visoosity - .
Hraydard  acceleration  of  pravity . <0.80865 o, Density (mass per unit volnime)
/s or 82,1740 ¢ [uec.? Stundurd dennity of dry air, 0.12467 ki-m=e' at
, W , 16° C. and 760 mun; or 0.002378 Ih.-ft.7* vec.?
M e . ! ; .
Sakshsey Specific weight of “standard” air, 1.2255 kg/m® or
Momert of inertia—mk’,  (Indicato asxis of 0.07651 Ib.jcu. ft. - o
< rodiug of girt_xtion' k Ly proper subscript.) _ :
Corficient of viacosity , . D ’
. 2. AELODYNAMIC BYMBOLY o |
‘ Arm A ‘ R Angle of patﬁnk ‘of wings (relativo to thrust
At o wing . e Jindy . PR S
Thep ) 1, Anglo of stabilizor sotting (relative to thrust
Epen R Jine) o
Chord Q, Reau]tant moment .
Biteet rati a, Resultant sngulsr velocity -
it ratio , , . .
e air spood p}«l. Hoynolds Number, whero { is 8 lincar dimenaion
FUS AIF BPOO i o (e, for a model airfoil 3 in. chord, 100
}}ynu!uic prm-,ur().aépv, ' : ’ m.p ‘I. normal pressure at 16° C., the cor-

reaponding number ia 234,000; or for a modd
of 10 cra ¢hord, 40 m p n, tha carreaponding
D numbor is 274,000) '
Drug, shsoluto coefliciant €)=~ 4 0,, Centor-of-pressum coeflicient {ratio of distance
' : g of c.pp. from Joading edge W clord length)

ey . L
¥ A, ahenluto cocflicient € '"41(,‘

Prefils drng, sbanlute codliciont (,'m...;l.)g'f-, . a, Anglo of uluck'
1 n T, Anglo of dowm_vw\h .
Frdueed deng, absolate coeflicicnt (4',,,*"13‘ 4 ag, Angle of nttack, infinite napoect ratio
. a,  Angla of attack, indncad -
Prisnite drng, abolute cocllicient. O, - ’l'é o, Angla of attack, abheolute (nueasured from zeroe
hit lu-!liﬁl'll)
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REPORT No. 684

STATIC THRUST AND POWER CHARACTERISTICS OF SIX FULL-SCALE PROPELLERS

By Eowix P. Hakrsuas and Davio Biegmass

SUMMARY

Static thrust and power meaxurementx were made of xir
fullweale propllers,  The propellers were mounted in
Jront of a l:quul-r-mlnl—mgmc nacelle and were tested
al 15 different Nade unylm in the range from —7'.° to
85° at 0.75R. The tent rig wax located outdoors and the
teats were made under conditions of approsimately zoro
wind relucity.

Airfal characteristicx computed  from the satic-txt
data, by the single-point method deceloped by Lock, wire
conniderably ditlerent from the airfoil charaetoristies com-
puted from wind-tunnid-test data for the same propeller
and nacelle.

The tests showed a marked rariation of statie thrust
and power cocflicients with tip xpecd for the range of blad.
anglen from about 72.° 10 172.°. .\ propeller with B, AL F.
6 airfoil mictions xlum'ul the greatest offict of comproxsi-
bility and a propeller with N. . C. [\ 2400-3) seriex
aeclions showed the least cffect. A propeller with a wide
Slade showed much lesx effect of compresxibility than a
aimilar propedler with a blade of normal width.

INTRODUCTION

The static thrust and torque of a full-scale propeller
(the thrust and the torque nt V.nl2=0) are difficult to
obtain in o wind tunnel because the propeller itself
creates a considerable air veloeity through the tunnel,
Conditions of zero V/nl) are, therefore, never reached in
normal wind-tunnel propelier tests,

Static thrust and torque measurements of propellers,

if properly mterpreted, may give considerable inforue- |

tion regarding the flight performance of the propeliers,
Such meusarements are especinlly useful for studying
the effect of compressibility and also for comparing
propellers with different airfoil sections, plan forms,
and solidities.

Static thrust ix often used in take-off caleulations
and is a basic panrameter in Diehl's take-ofl formulas
treference 1. To facilitate the use of hix formulax,
Dichl hax collected o minss of static-thrust data. which
are mostly extrnpolated data from wind-tunnel tests,
for u fairly lange group of propellers (reference 25, The
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material given in reference 2, although it fulfills its
purpose admirably, lucks the completeness, the corre-
lation, and the precision necessary for a differentiol
study of propeller characteristics.  Other useful, but
somewhat incomplete, statie-thrust data are given in
reference 3.

Comparisons of the performance charncteristios of
propellers are clarified through the use of the single-
point method developed by Lock (reference 4), by means
of which test data for a propeller obtained in a wind
tunnel can casily be converted to airfoil coeflicients
(€, and €}) representing the propelier.  Througlh o
modification of Lock's method, Driggx (reference 35)
has developed an alternative method having possible
advantages over Lock's method.  Both methods imply
that the airfoil characteristios representing the propeller
may be obtained from cither wind-tunnel or static-test
data, the sume coeflicients being obtained in cither case.
The theory indicates that static thrust and torque
menzurements of a propeller, obtained on a simple out-
door test rig, can be converted into airfoil coeflicients
amd then reconverted into propeller data representing
all conditions of 1V al), blade angle, and solidity. A
few simple static-thrust tests would then conecivably
bie a substitute for a long scries of expensive wind-tunnel
tests,

1t ix the purpose of this report to present static-
thrust and static-power data, for n group of propeliers
baving modern plan forms, to be used:

(1) For practical purposes such as estimating take-
ofl distances.

(2) To show the effeets of variations in tip speed,
airfoil section, and solidity on the static
characteristios of propellens atud to paint out
the impliention of these statie effects in con-
nection with the flight performanee of the
propeliers.

(31 To cheek the method of Lm-k and Driges and
to determine the quality of the substitution
of atatie tests for wind-tunnel tests,

This report is the ninth of » seviex presenting the
results of an extensive research program of full-seale
propellers that has been in progress at the N Co\
during the past 2 years.




APPARATUS AND METHODS

Test rig.—The test rig was located outdoors well
clear of any huildings or object: that might have an
appreciable influence on the air flow through the pro-
pelier. A photograph of the test set-up is shown in
figure 1. A simplificd sketeh showing how the thrust
was mensured is given in figure 2. The rectangular
frame upon which the engine i mounted is supported

at its forward corners on ba!l bearings and at the rear -

Frog elies 37 3687 meunte.d o test i

Fraxe |

on knife ediges beming on the thrust-seale platform.
The thrust of the propeller tends to rock the frame

forward about the ball-boaring pivots and relieves the

loud on the thrust seale. The thrust is then eqgual to
the change in thrusteseale rending times the ratio of
the moment arms a b Fhe drag, caused by the slip-
stream. of the bady, the struts, and the wires registered
on the sxeale as o negative component of the thrust,

Engine. nacelle. and dynamcmeter.. ‘b engine,
the naeelle, the struts, and the sopporting frme are the
same ns nsed for the wind-tunnel test< reported in refer-
ence G The propellers were ddriven by o 60-horse-
power Curtiss Congueror engine (GIV-1570) encloned
in a Jiguid-conled-engine naeelle of oval eross section.
The nocelle was 126 inches in length, 35 inches in width,
and 43 inches in height.  The engine was mounted in
n eradle free 1o rotate about an axis, at one side of the
engine, parallel to the propeller axi<. The other side
of the ermdle rexted on a colunm that transmitted the
torque forees 10 the platform of a seale, ns shown in

figure 1.
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Propellers.—The Dblade-form curves for the six

: propellers tested are given in figure 3. Other basic
* characteristies of the propellers are given in the follow-
ing table:

Frogeller ( Hureau

of Artonautis, Nomiur 1w |
Navy Depwriment, of blsd~ 1,740 Hinde airfoil setion
draw ing pumher
) s ¢ W Clerk ¥
e 9 1 " (L2
Auin-Re 2 m RV
Svim Hu 1 " [ it
- v NN COA que wries inneT .
- ¢ WS A E N S 31 e mmiter halt
13 Miloe 2 KA P

s AT, AiF Coppr denn ot puitite-t

The propellers. except 37-3647, hinve plan forms rep-
resenting modern design and have identical ratios of
blade width and thickness.  Propeller 37-3647 is the
same as propeller 5868-R6 in every respect except
that its blade-width ratio ix 50 percent greater.  Pro-
peller 6623-B was designed to minimize the bad effects
of compressibility, the N. A. (. A. 2400-34 series air-
foil scetion used for the outer mif being less affected

|

Frarre 2.~ Diagrammatic sketch show ing method of measuring st atic thrust

by compressibility than the usual propeller sections.
The airfoil sections representing the 0.70R station for
the propellers tested are shown in figure 4. The N, A,
€. A. 4400 series sections of propeller 6623 B exteaded
only to the 0.500 station: but for purposes of compari-
sl the 4400 geries section, as shown in figure 4. has
chord and a thickness representing the 0.701 atation,
Tests.— The propeliers were tested through o blade-
angle range from —7'.° to 35°.  Intervals of 2'.° were
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taken from —7':° to 20° and intervir of 5° from 20°
to 33°. Readings were taken at inteivalx of approxi-

T
"o aa—
10 40—
o A !
7 ¥
09 36—
o8 3—
07 20—}
—
o5 Aacf—-f#
]
05 20/
77 .
o4 [6( f‘r’ . Cmee s s s - .8
‘ . D (ol iers
A N PID ol orogeters
[+« B/ 4 e T - &
! . |
a@ S p
P[P foropeller 6623-8) | . ’
o' D¢ [ TN )
ERERY
S S S |
0 Oy s 7§ ¢

5
r/R

Pouang 3 Ninde-lurm curson (e pragrliors L9, S KA, AR B, amel 37 .7
1, deameter. K. radas 1o 100 115; 7, 500100 PRrdier, l.mmmﬁ.l.mumlhu-f\
TS, P, SR prrh, B, biade waste .

< T

Clarh Y section, propelier 5000-9

/——\.

R A F 0 ssction, propelier 5888-R6

(x

N ACA 2400 34 serws.outer helf of propelier 86238

- T

NACA 4400 serws.;nner half of propeller 8023-B
ol 1he BN mation

Yutcas 4 —Prop Diace

mately 200 rpm through a moge of propelier speeds
from 600 to 1.%00 rpm for the lower blade angles and

|

to full-throttle propeller spead for the higher blade
angles.

Tests were naude only on days when the wind veloety
was zero or close to zero. A enlibruted anemometer
was used to measure the wind veloeity.

RESULTS AND DISCUSSION
CORPPSCIENTS AND HY MBOLS

The results ure expresed in terms of the usual pro-

peller coeflicients defined nx follows:
I

. T. ..
Cy= e thrust cocflicient.

v " 1
(p= gl Power coeflicient. -

where
T.= T—AD effeftive thrust, pounds.
T tension in propeller shaft, pounds.
Al) change in drag of body due to slipstream, pounds.
p manrs density of air, sty per cubic foot,
n propeller speed. revolutions per second.
D propeller dinmeter, feet.
P engine power, [oot-pounds per second.

Other cocflicients and symbolx used in the report are
defined ns follows:
C .= L:q8 lift coofficient.
Cp= 1148 drag cocflicient.
Co=Qron’lF = (/2% torque coellicient.
Llife, pounds.
D drag, pounds.
¢ dynamic pressure, pounds per square foot.
& aren, square feet.
Q tarque, pound-fect.
M matio of tip speed to speed of sound.
r=riR
r station mdiux,
R radius ta the tip.
= Co—C, offective profile<drug coeflicient.

',  incduced-drag coefli-ient.

a.  angle of attack with respeet to relative wind
where the relntive wind is the vertor sum
of the rotational, the forward, and the in-
flow velocitien.

BASK DATA

The basic data obtained in the tests are presented in
figures 5 o 16 where, for ench propelle, curves of ¢
and €'y are plot{ed against V. Eaeh of the curves in
these figures is the average of several curves obtained
from repeated tests at the same binde angle.  Swall
corrections for wind were niade when necersary
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BTATIC THRUST AND POWER CHARACTERISTIY OF BIN PULLASCALE PROPELLERS

Rffect of tip speed.— The curves in figures 5 (o 1
show the vaniation of statie-thrust and static-power
coeflicients with tip spees).  The effert of compressic

bility i most poticenble in the runge of hlade sngles

from 3° 0 177 Above the stall abost 13%:°), there
it o ronsintent effect thnt enn be aseribied to cunprossi-
bility in the mnge of tip speeds tested.

Previous work, hoth theotetirn]l amd esperimental,
indientes that the curves bk the stall would be
expecin] 1o rive gradually with inerensing tip speed
until the sprest of sound s exeerded in the lornl flow
around the hlwde tips.
woukl form and the thnmt coeflicient would begin te
deerense, the deerense in thnet beeoming greater ae
the tip spem) incrensesd uml ae nure of the propeller
hlsde breume insalvesl in bwnl superanic sir flows
The present tests seens 1o conlirm the thenry, although
waly propeller S Ko sppears, inun the Jhape of the
thrstcneflicnnl rurses, 1o bhave renchel the come.
prewibility stall.

A clesrer ilew of the way in whirh rompeesibility
allects propeller performanee is obtnined by convent.
ing the propeller cveflicients into airfuil coeflicients by
» methnl 0 be disewemns) later.  Thie cvnversion bas
heen masde (or the 2blmbe propeller Svin K6 ot ot
15° o) the cowflivienta €5, ¢, ‘.C? sl (o have bren
plttes] meminst the tipeapeenl sultes A in figure 17
The comprrwibilits otoll e detrtmine) o the uint
where the prolibeaing cveflicwnt bennes ite sharp fe
The prak of the lificneflicirnt curve is wsually slightly
heyom! that pont. The deetenne in indursd-drag
eneflieient heyond the comprewibility stall, doe to
b of lils, onls lightly offercte the siukien increaere in
profile drag. 18 boubd be puinted out that the tip
opees) svalur of 3 n1 which the romprewibility stall
orrurs will deprndd langely on the propeller  airfuil
weetion and the hit coeflicient  The fodlrm ing relntion
umbiratiog the incipienee of the comprressibility «tall
represents the cuoditione with reecmable sevurees.

."..u ."w— ' X} ';

In thie Jormule, which spplive iy brivm the normal
otall, M, sl £ ore romtante determinn] laneely by
the airfoil rhatwrterintive of the progrdier but ale
varvien with the soliedity amd the plan form

Suatic-thrust figure of mor. The effiriwney of
propeller in pronluring static thieet i heet imdirated by
the magnitinde of the retin of thiust penhornd o G
power supplind. i ¢, T, . Unbortunately, this figrare
of metit, which hue dlimencions, rannet te represented
by the ratie of the dimencivsires crffcients (7,0,
hevawer

€. Tl T
f, "";" ".’,
"
T. €0,
AT ]

P TN

At thic puint, » shork wave |

This relation indicutes that, for any ginven value of the
ratio 'y Cp, the thrust per unit of power decrenses us
the tip speedd increases.  The ratio 5 ) may, how-
ever, be wied] as u figure of menit (or companng pro-
pellers ut constant tip speed.

Comperissns of tip-spoed effects.- Figures In anl
Che wlaem the ratio (€ €0 (€ Criy.. s phttesd ugainst
| the tipmpeed rutio A for the sis propelies teste.
" Mewsuring from A5, the cunes give divvetly the
© perventage boms in € Cr e other values of 3 The
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Vuses §° Plwr el il ¢ oo el 9 § Tre s W shan+
et pungetint vuaBrtme fud 304000 pugulie WOn DIt we 1T o 8 370

curses shovw Uhat, althongh the () curves iorteae with
M, ae shomn in figures 5, 7, 9, 11, aml 13, the mtio
o 0 dertenes with inctvading values of A1 The
1 rrvee when dhwen that the propeilers sith the K A F 6
1 wvtion wre, it peweral, et affected by commperasbiilin
t wewl thet propeller 6623 Buith the N A 0\ 24w 24
wties section i the outer ball is ool afferted
Another print of intetest in figutrs (3.aml 19 4s that
the A-bladke propediers gracmlly ore lees affected by ocom-
prewibility than the 2blade progediers with the everp-
¢ vy of the 2ddade propeller 37 3607 whick, although
it hae o K. A F. 6 wvtion, shnesl litthe effect of
ronpvesibilite  thrmghout the range of tip spuersle
teatedl  Thie phenomenon, which o comfitmed by the
winl-tuntwd teste teprrtes] i refetener 7, anemne fo
welirate e« edationdiip  betwren  comprvasitiility
. amnl plan form, or blade-ailth rutio
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WORKING CHARTS

Method of presentation.—Interesting and useful
charts are produced by plotting static-thrust and
static-power cocflicients for o given tip speed against

blade angle in a form similar to the one used in pre- -

senting uirfoil cocflicient=.  The coeflicients are well
adupted to this form of presentation and its familinvity
adds to the understandability of the data.  Figures 20

to 23 are plots of this kind for the six propellers operat- |

ing ot u tip speed of one-ball the speed of sound

(M=0.5). The ratio (¢ 'Cp, ealeulated from the faired

curves, has also been plotted in the figures.
Comparison with airfoil curves.—The general shape

of eurves in figures 20 ta 25 is very similar to that of the |

ordinary airfoil curves of o Oy agninst angle of
attack.  One noticeable differenee is that the €5 curve,
cortesponding 1o the € curve inairfoil-coeflicient
plots, is not strnight through the unstulled range of
blade angles; its slope deereases as zevo Cris approached.
Probably the most important reason for a nonlinear
varintion of Cy with blade angle is that the piteh distri-
bution changes with blade angle, as may be observed in
figure 3. A similar and probably related phenomenon
exists in wind-tunned tests of propellers where the angle
of attack of the bhude at the 075K station (or any sta-
tion), ns calewlated from the value of Vnd) for zero
thrust, deerenses with blude-angle setting.

The curves in ligures 20 to 25 indieate that the stall
of the propeller is somewhat less severe than the stall of
a conventional airfoil.  This peculiarity is, of course,
primarily due to the fact that the entire propeller blade
does not stall at the same angle and also to the fact that
the airfoil sections used in the propellers inherenty
have mild stalling characteristies.

Comparison with wind-tunnel data.—Fuach of the
present propellers had been tested on the same engine
and naeelle in the 20-foot wind tunnel.  For comparison,
the values of statie thrast and statie power obtained by
extrapolating the wind-tunnel tests to V'nd) = 0 have
been plotted in figures 20 to 25, The extrapolated wind-

tunnel-test points are, in general, less regular than the
statie=test points: however, the tip speeds for the wind- |

tunnel tests varied slightly.
Use of working charts.- Fizures 18 and 19, ax well

--as figures 20010 25, are considered to he working charts;

from these figures the statie thrast and the static power
for uny of the propellers tested may be obtained.  For
fixed-piteh propellers, the values of €, Cpy and €C2'C,
may be picked off ot the design blade angle.  These
values are for a tip speed of one-half the speed of sound
and may be correeted to the design tip speed by applying
a factor obtained from figures IS and 19, The value of
Cr Cp corrected for tip speed may be converted to the
following useful coeflicient form:

', Toewly Tl Tl T.D
. Penwh I'  2x0Q 22

1 where @ is the engine torque.  Most engines likely to be

used with fixed-pitch prepellers will have approximately
i constant torque (full-power torque) through the take-off
and the flying ranges: thus, with the ealeulated value of
© engine torque and the design diameter, the effective

. statie thrust ean be readily calculated.

. For controllable constunt-speed  propellers, where
1 power coeflicient, power, amd engine speed remain con-
‘ stunt during the take-off, the value of C'Cpfor Vinli-. 0
i iy be immediately obtained from figures 20 to 25 and
| corrected to design tip speed ns before,  The effective
f static thrust is then caleulated from the previously

:

i given relation g,»;f':— L;',—", where all the terms exeept T,
[ are known,

As the data given herein were abtained  with a
nacelle alone, an inerement of thrust should be dedueted
from the computed values to account for the drag of the
parts of the airplane, other than the nacelle, that lie in
the slipstream.  This factor is, however, partly compen-
suted for hy the fuct that there were five struts and
severnl wires in the test set-up, the drag of which, like
that of the nacelle, registered on the thrust balance as
part of the total effective thrust.

COMPARISONS

As the speed of an airplane inereases from zero at the
heginning of the take-off run to its maxinnan value, the
angles of attuek of the propeller blade seetions are con-
tinuously decreasing.  The airfoil section at 0.758, for
example, will have an angle of attack that decreases
from, say, 20° at the beginning of the take-off run to
ahout 0° at high speed. 1t appears, therefore, that the
performance of a propelier through its flight range may
be represented, qualitatively at least, by its static per-
formance through the range of blade angles from ahout
—3° to 253° at 0.75R. A comparison of the statie
coeflicients, through this blade-angle range, of two pro-
pellers of equal solidity will give a fairly good qualitative
indiention of their relative flight performances.  The
following comparisons, which are shown in figures 26 to
24 were made with these ideas in nind.
| Propeliers with 2 and 3 blades.— The static-cocflicient
| curves for the 2<blade and the i-blade  propellers

H868 0 are shown in figure 26, As might be expeeted,
the 2-blade propeller has a higher value of C7Cpin
the unstalled range although, in the stalled range, the
3-blade propeller is slightly hotter. =The greater inflow
velocity of the 3-blade propeller largely anecounts for
hoth of these phenomena, The thrust coeflicient
of the 3-blade propeller in the unstalled range is not
50 pereent greater than the thrust coeflicient €, of
the 2-blnde propeller: for example, the rtio €
at u blade angle of 10° has a value of 1.32 rather than
the value 1.5 that might possibly be expected. This
difference is also due to the greater inflow veloeity of
| the 3-blade propelier.
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1t should be pointed out that the comparison shown
in figure 26 is not of a practical nature because the two
propeliers compared have different power-ahsorption
characteristics,

Propellers with Clark Y and R. A, F. 8 asirfoil sec-
tions.—Figure 27 shows the static coefficients for the
3-blnde propellers with Clark Y and R. A. F. 6 airfoil
sections (propellers 5868-9 and 5868-R6). These
curves substantinte a fact that has long been known;
namely, ut low tip speeds, the R. A, F. 6 section is
better than the Clark Y section at high angles of attack
but, owing to higher profile drag, is poorer at low angles
of attack. From these curves of static coefficients, it
can be readily predicted that a propeller with an
R. A. E. 6 section will have a lower penk efficiency than
ane with a Clark Y section; and, in the take-off range,
tip-speed effects being neglected, a propeller with an
R. A. F. 6 section will have a higher efliciency than a
propeller with a Clark Y section, provided that the
propellers are identical in all respects exeept section.

It should be mentioned that the higher take-off
efliciency of the propeller with an R. A. F. 6 section
applies mainly to fixed-pitch propellers operating at
low tip speeds.  When the performances of controllable
propellers having Clark Y and R. AL F. 6 airfoil sections
are compared on the basis of constant C'p, it will be
notedd (see fig. 27) that, owing to its higher power
absorption at high blade angles, the blades of the
propeller with a Clark Y section will operate at a
lower blade angle than those of the propeller with an
R.A.F. 6 section;and, since ('y/Cp rapidly increases with
a decrense in blade angle, the difference between the
values of the Cr'C’h. ratios for the two propellers may
be much reduced. The serious effects of compressi-
bility on the performance of the R. A. F. 6 section, as
indieated in figures 18.and 19, also work to the dis-
advantage of the propeller of R. A. F. 6 section in the
take-ofl range.  When all factors are taken into con-
sideration, a controllable propeller of R. A. F. 6 section
will have very little, if any, advantage over a control-
lable propeller of Clark Y seetion in the take-ofl range.

Propellers having the same solidity.—The ratio
C7/Cy for groups of propellers having the same solidity
(ratio of binde aren to disk area) is plotted against blade
angle in figure 28 and against power coefficient in
figure 29.

The values of Cp'Cp were plotted against both biade
angle and ' for convenience in comparing fixed-piteh
and controllable-pitch propeliers; in such cases, blade
angle and . are, respectively, fundamental design
factors.

Little dizeussion of the figures ix necessary except to
note that, in general, the propellers which are best in
the range of blade angles and Cp representing take-off
are poorest in the range representing high-speed flight.
Apparently, o compromise must be struck between high-
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speed and take-off performance although, for reasons
given earlier, the high-speed condition should probably
be given the greater consideration.

CONVERSION OF PROPELLER COEFFICIENTS INTO
AIRFOIL CHARACTERISTICS

One purpose of this report, as mentioned in the
introduction, was to examine the single-point method of
obtaining airfoil characteristics (', Cp,, and ) from
propeller data with especial regard to its use with the
present static propeller data. 1t was alzo the purpore
of this report to determine with what degree of accuracy
wind-tunnel-test data on propellers might be replaced
by static propeller data, more easily and cheaply ob-
tained, that had been converted to “wind-tunnel ddta"
(data for range of V/nl) values) by the single-point
method. The method has been applied in a few cases
to N. A. C. A. wind-tunnel dats for propellers and to
the present static propeller datu.

Description of method.—The single-point method as
described in references 4 and 5 is founded on the simpli-
fving assumption that the differential thrust and torque
coefficients, dCy/d(z?) and dC,/d(r*), when plotted
against r* produce curves which are semicllipses.
Granting this assumption, the total thrust and the total
torque coeflicients are merely the product of x4 and
the value of the differential coeflicients at #*=0.5. The
station representing the whele propeller is thus found
at = (r/R)}*=0.5, or r=r/R=0.707 and is, for con-
venience, taken as the station at 0.70R. Conversely,
the differential thrust and torque cocfficients for the
0.70R station may be easily obtained if the total thrust
and torque coefficients are known from propeller tests.

With values of Cr, Cp, V/nl), and blade angle,
obtained from wind-tunnel tests, the differential thrust
and torque cocfficients for the 0.70R station are easily
obtained and arc then, by simple geometric relations,
converted to lift and drag coefficients for the 0.70R
station. 1f, for any one blade angle, the calculations
are repeated for values of ('y and Cp obtained at a
serics of values of 1°/n1) in the aperating range, & polar
curve of Cy, against p, for the 0.70R station, which is
assumed to represent the whole propeller, may be
plotted. The process is slightly different where static
data are used since, in that case, V'/nl?=0. The
polar curve may be obtained, however, by using the
values of 'y and (’» at a scries of blade angles from
about —5°to 35°at 0.75R. -

The development of the method is carried further by
introducing factors representing the induced velocity
and Goldstein’s correction factor for a finite number of
blades. In this manner, (7, is broken down into its
components, Cp, and Cp: the angle of attack of the
soction, ag, is also obtained. The coeflicients € and
Cp, Teveal certain fundamental characteristics of the

propeller and may be used as a basis of comparison.
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1t is implied in references 4 and 5 that the polars of €,
against Cp, should be the same for static or wind-
tunnel data and for all soliditics and blade angles.

Airfoil polar curves from propeller data.—Figures 30
and 31 show the polars for the 2- and the 3-blade pro-
pellers 5868 9 calculated by the single-point method.
The ealeulations were mnde from the present static-
thrust data and also from the wind-tunnel-test data of
the same propellers and nacelle given in reference 8,
It is observed that the polurs from wind-tunnel ests
at the three different blude angles are not identical,
as the theory indientes they should be.  The polars for
the 15° and the 25° blade angles are probably as close
as could be expeeted but the polar for the 353° blade
angle is separnted from the others by a fairly large
amount. Further, the polars obtained from the statie
tests do not coincide with any of the polars from the
wind-tunnel tests.

Possible causes of discrepancies in polars.—.\lthough
the single-point method is based on the assumption
that the curves of differentinl. thrust and power eo-
efficients are ellipses when  plotted against £, the
method appears to apply reasonably well (o eases where
the curves vary considetably from ellipses.  Generally,
in such eases, the value of the differential thrust and
power cocflicients for the single representative station
(0.70R) is approximately, bt not exnetly, equal to the
total thrust and power eocflicients divided by =4,

There are reveral reasons why these polars do not
confirm the theory, that is, why the curves are not all
identieal, and moxt of the reasons point to factors that
render the assumptions of the single-point method not
wholly justifinhle.  Two of the reasons that apply to
both static-test and wind-tunnel-test polars may he
stated as follows:

1. The theory strietly applies only to propeliers
without badies.  The use of effective thrust rather than
actual propeller thrust and. in addition, the inter-
ference of the body may tend to make the single-point
assumption unrelinble.

2. The propeller from which Driggs (reference 5)
obtained the test data (o justify the single-point assump-
tion, as well as the propellers for which the method has
proved so successful in Great Britain, differs in blade-
shank shape from the propellers of the present tests,
The present propellers have long, exlindrical. drag-
producing shanks (fig. 315 whereas, the other propellers
mentioned have relatively thin airfoil seetions extending
nearly to the hubs,  This difference in blade shape will
have some effect on the throst- and the torque-distri-
bution curves,

Another reason why static-text polars should not co-
incide with the wind-tunnel-test polurs and also why
the polurs calenbted from wind-tunnel test= at different
blndle angles do not agree is that the blade angle and
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therefore the pitch distribution (see fig. 3) are continu-
ously varying from point to point in the static polar;
whereas, in any particular wind-tunnel-test polar, the
blade angle and the piteh distribution remain constant.
The varving pitch distribution probably accounts for
some of the curvature in the static-test €, curve shown
in figure 32. '

The difference bhetween the airfoil coeflicients ob-
tained from static and from wind-tunnel tests may also
be due to the fact that the flow around the propeller in
the static condition differs considerably from the flow
that exists when the propeller is moving or is in a wind-
tunnel nir stream.  In the static condition, the propeller
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FIGURE 32 - Compmrson of lift and dmg coeflicients ashtaned from wind-tunnel and
statie texts for 2-blinie propelier inin o

tips are working in a strong vortex that tends to reduee
the effective aspect ratio of the propeller and also, per-
baps, its maximum thrust.  This fact may account for
the lesser slope of the statie lift curve in figure 32 amd
also for the lower maximum values of the static lift
coeflicients in figures 30 to 32,

Propeller polars for nacelle with spinners.— When
all the reasons why the single-point method should not
apply to tests of these types are considered, it is sur-
prising how well the method does work.  From the
preceding discussion, it appears that the method should
apply with better necuracy to tests where a spinner was
used to cover up the hub and at least part of the cyl-
indrienl  blade shankx.  Results from  wind-tunnel

tests of the present propellers and nacelle with » spinner |

were available from reference 6. Figure 33 shows the

points of the polars calculated from wind-tunnel-test
data on the arrangement designated spinner 1 in ref-
erence 6. A mean line has been drawn through the
points for the three blade angles. Inasmuch as no
static tests with n spinner were made, the static and
the wind-tunnel-test polars, with spinner, eannot be
compared. The static polars from figures 30 and 31
(without spinner) are shown again in figure 33 for com-
parison. Theoretically, the two static polars should
coincide.

Figure 33 indicates that the single-point method of
propeller analysis ean be used fairly successfully for
wind-tunnel tests of modern propellers provided that
the hub and the eylindrical blade shanks are covered
by a spinner. The propeller shanks should have a
smaller effect on a radial engine where they are shiclded
by the engine. Where only data “without spinner”
are available for a propeller operating in front of a liquid-
cooled-engine nacelle, ns in the present tests, the effect
of a spinner may be obtained by adding an increment
of thrust to account for the drug of the hub and the
shanks.  Neglecting the effect of inflow velocity, which
for this purpose should be permissible, the increment of
thrust will vary with V/ul) in the following manner:
ACr=k(V al)), where & is u constant the magnitude
of which depends upon the propeller and the nacelle.
The value of & for the propellers and the nacelle of the
present tests is about 0.0007 for 2-blade propellers and
nhout 0.00105 for 3-blade propelless. It is clear from
the preceding relation that, for static tests, ACy=0 and
so, in figure 33, the wind-tunnel-test polars “with
spinner” and the static-test polars ‘‘without spinner”
are compearable.

Proper use for single-point method applied to
static-test data.—- The cnse for the static-test polars
appears, from figure 33, still to be unfavorable although
the degree of accuracy may be sufficient for some pur-
poses.  The wind-tunnel-test polars for the 2- and the
3-blade propellers more nearly coincide than do the
static-test polars for the 2- and the 3-blade propellers.
This situntion indicates that Goldstein’s correction fac-
tor for a finite number of blades may not apply so well
to statie tests as it does to wind-tunnel tests.

The present data seem to indieate that airfoil coefli-
cients obtained by the single-point method from static
tests cunnot be converted into wind-tunnel propelier
cocflicients with any high degree of~eaccuracy. It ap-
pears that the field of usefulness of the static-test polar
is rather in making qualitative comparisons hetween
propellers of not too dissimilar design.  For this pur-
pose, simple statie tests may replace the more compli-
cated and more expensive wind-tunnel tests. It ix
admitted that the evidence upon which the conclusions
in this section are based is insuflicient to be entirely
conclusive.

Comparisons of static-test polars.— Static-test polars
ean undoubtedly be used in comparing propellers iden-
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tical in every respeet except airfoil seetion. Such o | .36 v .
comparison has been made in figure 34, This figare LA [
confirms the information given in figure 28 that the 2 8 ] :
sections which are best utigh ungles of attack (take- L s biode propetier 5868-R6| | |
—— - . 6623-8 - 'An-q

off runge) are poorest at low angles of attack (peak
efficiency, high-speed range).  The propeller with the
Clark Y section appears to be a good compromise,

A comparison of the static-tesi polars for the 3-blade
propeller 5868 R6 and the 2-blade propeller 37 3647,
having the same solidity, is given in figore 35, Appar-
ently, there is little to choose hetween the two although,
when the polars are converted to “wind-gannel” pro-
peller data, the Goldstein factor will favor the 3-blade
propeller and the 3-binde propeller may then, as indi-
cated in reference 8, have a higher peak efficiency than
the 2-blade propeller.

The single-point method of obtaining airfoil charac-
teristics from static tests may be useful in studying the
effects of compressibility.  An indication of the use of
the methad in this connection is given in figure 17
which, as previously explained, shows the variation
with tip speed of €, ', C,,, and Cp, for one blade
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CONCLUSIONS

1. The static-thrust and the static-power coefficients
for the propellers of the presnt tests varied consider- |
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ably with tip speed in the blade-angle range from 5°
t0 17%° at 0.75R. Above the stall, no consistent varia-
tion of these coeflicients with tip speed was noted.

2. Decrease of the ratio Cy/(’p with tip speerd was
most marked for propellers having R. A. F. 6 airfoil
sections, least marked for the propeller with N, A. C. A.
2400-34 series sections, and more marked for 2-blade
than for 3-blade propellers,

3. Although the effect of compressibility on the
2-blade propeller 5868 R was very marked, the effect
on another propeller similar in every respeet except for
a 50-percent increase in blnde width was small.

4. The propellers that reached the highest values of
Cy/Cp at high blade angles reached the lowest values
at low blade ungles. This fact indicutes that, for the
propellers tested, the onex which have the highest peak
efficiency will huve the poorest tuke-off efliciency,

5. The single-point methad of caleulating  airfoil
coefficients from wind-tunnel propeller data was not
particularly successful for the present propellers except
where a spinner covered up the hub and part of the
long cylindrical blade shanks.

6. The single-point method of caleulating  airfoil
characteristics dill not give the same coeflicients when
applied to both static-test and wind-tunnel-test duta.

7. Whereax the single-point. method should be of
much value for comparing propellers, it does not appear
likely that this method will displuce wind-tunnel
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